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ABSTRACT 

Sperm morphology from individuals of the following subfamilies of muroid rodents of southern Africa is determined: 
Cricetomvinae (Sacrtawwiwr). Gerbillmae (GerbUturus and Tatera), Dendromunnae (Dendwmus, Malacotimx. Pnoaomys, 
Stealomys. and Deems), and Otomyinae ( Otomys)\ Mystromys (subfamily Mystromymae) is used as an outgroup. The 
sperm head of most species including that of Mystromys is falciform in shape but differences rn internal organisation 
occur In Mvstromys it is long and thin and there is a very large apical acrosomal segment. The talciform sperm heads 
Saccostamus and Malacothrix are broader hasaliy hut have a similar organisation apically. whereas in Deomys the sperm 
head is very small, bilaterally flattened, with no apical hook, GerbUturus sperm head terminates in a sharp pointed apex, 
whereas in Tatera is is round apically and a deep invagination occurs in the caudal nuclear region. In Otomys the sperm 
head is falciform and the organisation of the perforatorium and acrosome is similar to (hat of most murine rodents apart 
from Acomys and Uranomys. This study suggests that a falciform sperm type is probably the ancestral condition for the 
dendromurine-crieclomvine-oiomyine-murine chide. Sperm of both Deomys and Tatera are highly divergent, and thus,, o 
the otomyines and murines are very different from sperm of species in other subfamilies: since a very similar or identical 
morphology occurs in most species of the Otomyinae and Murinac it suggests that these two subfamilies are sister groups 
to the exclusion of the other subfamilies and of Acomys and Uranomys. 

RESUME 

Les variations morphologiques de la fete des spermatozoides des Rongeurs Muroides d Alrique, 
i m plications phylogenetiques 

La morphologic du spermatozoide a etc deferminee chez des specimens appartenant aux families suivanles dc Rongeurs 
Muroides d'Afrique du Sud : Cricetomvinae iSaccostmnus), Gerbillinae {GerbMuruse t Tarera). Dendromunnae (Dendrornus. 
Malacothrix, Prtonomys. Sleaiomvs cl Deomys), et Otomyinae t Otomys) Mystromys (sous- aniillc Mystromymae)I a Us 
utilise comme outgroup. La tire du spermatozoide de la plupan des especes, y compris cdle de Mystromys. est talcilormc 
mais il existe des differences dans I'organisation interne Chez Mystromys la tete est longue el tine et un grand segmen 
acrosomien apical est present, Les teles falcifomtcs de Saccffstomus et Malacothrix sont plus larges a la base mats on une 
meme organisation a l'apcx t alors que la tete de Deomys esi ires petite, aplaiie bilateraiement, et sans cmeiei a e.e L 
GerbUturus sc termine en un apex ires effile, alors que chez Tatera la tete est ronde ii l*apex el line invagination protonde 
exists dans la region nuclcaire caudate Chez Otomys la tete est falciforme el I organisation du perforatorium et de 
]’acrosome esi similairc a cdle de la plupart des Rongeurs Mundae, a part Acomys et Uranomys. Cette etude suggfert, que l 
spermatozoide de type falciforme est la condition ancestrale pour le clade Dendmmurmae-Cncetomyinae-Oiomymae- 
Murinac. Les spermatozoides de Deomys et de Tatera sont Ires divergent*, ctceux des Otomyinae et Muruiac sont ires 
different* de ceux des especes des autres sous-familles. Comme eette morphologic Ires similaice ou idcmique sc Iruuvc c ■ 
la plupan des especes des Otomyinae et Murinae. cela suggere que ces deux sous-familles sont des groupes-treres, a 
lexdusion des aulres souS-faniilies el d'Acomys et Uranomys. 
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The superfamily of muroid rodents is composed of over 1300 species of about 280 genera 
with major radiations in both the New and Old Worlds. SIMPSON [37] proposed two major 
families: the Cricetidae and the Muridae with the latter including the African climbing mice 
(Dendromurinae), swamp rats (Otomyinae), as well as true rats and mice of the Old World 
(Murinae) inclusive of the African pouched mouse Saccostomus, Subsequently it was suggested 
that the Dendromurinae [26] and Otomyinae [28] were closer to the Cricetidae, and that 
Saccostomus and other cricetomyines were also part of this family [31, 32]. CHAUNE et al. [14] 
later erected several new families: the Dendromuridae, Cricetomyidae, Nesomyidac (which 
included the otomyines), whereas REIG [34] proposed these groups as subfamilies within the 
Cricetidae. CARLETON & MUSSER [12] expanded the family Muridae to embrace 15 subfamilies 
including the Dendromurinae, Otomyinae, Murinae, Gerbillinae, Cricetinae and others. Over the 
last 10 years palaeontological and biochemical data have suggested that the dendromurines, 
cricetomyines, and gerbillines are probably more closely related to each other than any is to the 
Cricetinae [II, 13, 18J. 

Apart from the unstable higher order taxonomy, it has also become apparent that at least one 
genus placed within the Murinae, Acomys , may not be part of this group [36, 40], Recent DNA- 
DNA hybridisation studies have suggested that it, together with Utanomys and Lophuromys , 
form a monophyletic clade that clusters with the Gerbillinae [15, 30], whereas dental features'of 
Acomys and fjranomys appear to be intermediate between this group and the Murinae [16]. 

Since the taxonomy and phylogenetic relationships between these major groups of African 
muroids is controversial, it would seem timely to explore the use of other data sets for 
hypothesising relationships. Over the last few years spermatozoa] morphology has been used with 
varying degrees of success as an independent character for suggesting relationships between 
various marsupials [22. 24. 38], bats [23], American cricetids [27], and Asian and Australasian 
murids [5, 7, 8, 10J. Here it is used to explore relationships between the subfamilies of African 
murids and, in particular, between members of the Murinae, Dcndromyinae, Gerbillinae, 
Cricetomyinae and Otomyinae subfamilies. As an outgroup comparison, the sperm morphology 
of Mystromys (an archaic African species usually placed in the Mystromyinae) is considered. To 
date there have been only a few investigations on morphology of spermatozoa of African murid 
rodents [e.g. J. 3, 6, 21, 39], and there appear to be no studies using it to determine the 
relationships between the murid sublamilies. This is the aim of the present study. 


MATERIAL AND METHODS 

Sperm morphology was investigated by light (LM) and. where possible, transmission electron microscopy (TEMJ 
from. Mystromys alba (subfamily Mystromyinae). Prionomys bates!, Stcatomys parvus, Deruirojnus mvstacalis, D. 
mesomeias, Deomys ferruginous* and MaUwothrix lypica (subfamily Dendromurinae), Saccostomus campexins (subfamily 
Cricetomyinae). Olomys irroratus (subfamily Otomyinae), and Gerbillurux pcittba and Taierci leucogaster (subfamily 
Gerbillinae). Ihc sources of animals were: M. alba and S, campestris from [he South African Institute for Medical 
Research, Sandringham, Johannesburg, one O. irroratus from near Pietermaritzburg and another from Ngare Forest, Natal 
Province. G paeba came (ram near Swakopmond, and a T. ieucogaster from Elosha pan, Namibia. A second T. leucogaster 
was collected in northern Quazulu. The M. lypica specimen came from near Hutchinson. Cape Province (Transvaal Museum 
No 36670), and material from the other dendromurines was front specimens al the Natural History Museum. London which 
included D.Jerrugineus from Kivu Province. Zaire. D. mysiacalis from Babaka. Isai River, Huri, Zaire. D. mesamelas from 
Uganda, and S. partus from Swaziland. 

Caudae epididymides were immersed in either 10% phosphate buffered formaldehyde or 3% para form aldehyde/3% 
glutaraldehyde made up in 0.1 M phosphate hutfer. pH 7.4. For LM. spermatozoa were extruded from the ducts and placed 
on microscope slides. For TEM the tissue was rinsed in phosphate buffer, fixed in osmium tetroxide, rinsed again, 
dehydrated by passing through a graded ethanol senes, and embedded in Araldite. Thick and thin plastic sections were cut’ 
the latter stained with lead citrate and uranyl nitrate, and observed with a JEOL 100S and/or Philips CM 100 EM. 
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Fig. 





— a-e: Sperm of Mystromys alba. a. b: Head is falciform, c: An electron-dense nucleus (N) is capped by a large 
acrosome which has a narrow equatorial lESI and wider principal scgmeni «PS); d: a postacrosomal dense lamina 
(PADL) occurs in (he posterior region of sperm head; e. f: anterior region oi nucleus is bilaterally flattened and 
carped bv a massive apical acrosome segment; g; TS of rostral lip indicates perforatorium (P) surrounded by 
acrosome (Ac) except midvemrally. a. x 8 200; b. x 900; c. x 19 300; d. *20 100; e, x 17 100; f, 
x 26 800; g, x 97 000. 
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RESULTS 

Terminology used for the planes of section follows that of LALIJ & CLERMONT [25]; thus 
in a falciform sperm head the convex surface is referred to as dorsal and concave as ventral. The 
space between the inner acrosomal membrane and outer nuclear envelope is the subacrosoma) 
space and, when extensive, the perforatorium. The taxonomy proposed by CaRLETON & 
MUSSER [12] is, in general, used although the family name of Cricetidae [37] is also referred to. 


Mystromyinae 

Mystromys alba.The sperm head is falciform with a length of 8-9 pm, maximum breadth of 
only 1.5 pm. hook length of 5 pm, and connecting piece of tail attaches midbasally with 
midpiece length of 38 pm and principal and end piece of about 100 pm (Fig. la, b). 

The bilaterally flattened head has a homogeneous, electron-dense, nucleus that passes into 
the apical hook (Fig. la) which is capped by an acrosome that has a thicker principal than 
equatorial segment caudal to which is a postacrosomal dense lamina (Fig. lc. d). 

In the anterior region of the sperm head there is a massive apical acrosomal segment that 
extends at least 1 pm beyond the convex nuclear margin. The acrosomal matrix is more electron- 
dense medially (Fig. Ie, f), and anterior to the convex nuclear surface, beneath the inner 
acrosomal membrane, a subacrosoma] space with electron-dense material is present (Fig. If). 

The acrosome and perforatorium extend beyond the rostral tip of the nucleus. Cross 
sections demonstrate that the acrosome is bilaterally flattened and surrounds the perforatorium, 
except mid ventrally (Fig. lg); the perforatorium is spear-shaped in cross section and the anterior 
region of acrosomal segment widens slightly before tapering apically (Fig. lg). 


Gerbillinae 

Gerbillurus pcieba. Sagittal (Fig. 2a, b) and frontal (Fig. 2c) TEM sections of the sperm 
head show that it is broad basally and narrows apically, The connecting piece of the sperm tail 
attaches to an off-centre basal position, There is a large apical acrosomal segment with a narrower 
principal segment over the anterior part of the nucleus posterior to which the equatorial segment 
passes down over much of the convex margin of the nucleus with the postacrosomal dense lamina 
passing around the posterior caudal margin (Fig. 2a). On the concave surface the equatorial 
segment is restricted anteriorly (Fig. 2b). Frontal sections through the anterior region of the sperm 
head indicate an invagination of the inner acrosomal membrane within which electron-dense 
material of the subacrosoma! space occurs (Fig. 2c). 

Tatera leucogasier. The sperm morphology of this species is highly divergent. Longitudinal 
TEM sections indicate that sperm head is bilaterally flattened (Fig. 2d), and has a deep 
invagination posteriorly (Fig. 2d, e, f). The nucleus tapers apically and its anterior four-fifths is 
capped by a nearly symmetrical acrosome (Fig. 2d) most of which is composed of a principal 
segment with the equatorial segment forming a girdle around the posterior nuclear region. The 
postacrosomal dense lamina is very short. A modest subacrosoma] space is present with a small 
apical extension (Fig. 2d). A complex structural organisation of the connecting piece occurs with 
the basal plate running parallel to the long axis of the sperm head, and laterally an extension of the 
nuclear envelope within which material that exhibits light and dark banding occurs (Fig. 2f). The 
capitulum of the connecting piece passes vertically up into the implantation fossa and narrows 
apically (Fig. 2f). 
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Fig. 2 . — Gerhtllurus paeba anti Taiera leucQgasli’r. a-c: Sperm of G. paebti. a: Sperm head narrows apical!v. 
b, c: anterior to the nucleus (N) there is a perforatorium tP) covered by part of the acrosome (Ac), 
d-*': T. leucogasier. ds spermatozoa have bilaterally flattened nuclei capped by a nearly symmetrical acrosome 
with small equatorial segment (arrow), e. ft connecting piece is unusual in having vertically projecting basal 
plate and partly bordered by fold of nuclear envelope (NE). a, \9 100; h. x 15 000; c. x 31 600; d. \ 18 200; 
e, x 11 200; f. X 17 400. 
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Cricetomyinae 

Saccostomus campestris. The sperm head is falciform, has a length of 7 pm, maximum 
breadth basally of 3 pm, and apical hook, which curves sharply caudad, of about 6 pm (Fig. 
3a). The sperm tail connects to the midbasal region, and has a midpiece length of about 25 pm 
and principal and end piece of about 100 pm. 

The acrosome is largely restricted to the convex (Fig. 3b. c) and upper lateral surfaces of the 
sperm head with the posterior region forming a narrow equatorial segment (Fig. 3e, f). Anteriorly 
the inner acrosomal membrane is invaginated medially within which electron-dense material of the 
subacrosomal space occurs (Fig. 3f). Transverse sections of the apical hook show that basally it 
is bilaterally flattened and contains a nuclear extension which is completely surrounded by the 
acrosome except midventrally (Fig. 3g). Most of the hook does not contain nuclear material but 
the acrosome passes along its length and distally becomes triangular in cross section (Fig. 3h, i). 
In addition, within the apical hook, a small mid ventral extension of the subacrosomal space 
occurs which is in contact with the plasmalemma (Fig. 3h, i). 


Dendromurinae 

Prionomys batesi, S tea To my s parvus, Dendromus mesomelas, D. mystacatis, Malacothrix 
typica and Deomys fenugineus. Only material from M. typica was available for TEM. LM 
indicates significant interspecific differences in sperm head morphology. In P. batesi and 
S. parvus a small triangular sperm head is evident that is broadest basally and tapers apically to a 
hook that is flexed caudad. The connect ing piece of the tail attaches midbasal ly (Fig. 4a, d). 
Sperm heads of D. mystacatis and D. mesomelas (Fig. 4b, c) are similar in form, have a lateral 
face of about 2 pm in diameter, and a 3-5 pm hook that extends from the convex surface and 
projects caudally, and on the ventral margin a small anteriorly-projecting spike. The sperm tail 
attaches off-centre basally and is about 90 pm long. 

The third sperm type of Deomys ferrugineus (Fig. 4e) has a very small, 5 pm, bilaterally 
flattened head that lacks an apical hook. Anteriorly there appears to be a somewhat ridged, cap¬ 
like structure, presumably the acrosomal region, and posteriorly the sperm head tapers a little 
towards the connecting piece of the sperm tail which has a midpiece of 22 pm and principal and 
end piece of about 70 pm. 

TEM of Malacothrix Typica sperm shows that its head is largely composed of an electron- 
dense nucleus which does not appear to extend into the long apical hook (Fig. 4g, h). The 
acrosome is present along much of the convex surface and makes up most of the material in the 
apical hook which becomes triangular in cross section. There is a typical subacrosomal space 
between the inner acrosomal membrane and outer nuclear envelope that extends into the apical 
hook and is in contact with the plasmalemma midventrally. 


Fig. 3. — Sperm of Saccostomus campestris. a, b: Sperm head is falciform with midbasal attachment of tail, 
b, c: apical hook is Iona and largely composed of acrosome tAe), d: posterior to the acrosome is the 
post acrosomal dense lamina iPADL}. c: acrosome has a very short equatorial segment (ES) ft frontal sections 
show perforatorium extends apically. g: T$ through apical hook shows nucleus basally dislal to which the hook 
becomes triangular and composed or acrosome except for small perforaiorial extension, h, i: small perforatorial 
extension, a, x 900; b, x 11 400; c, x 17 000; d. x 26 600; e, x 33000: f. X 35 800; g. x 22 700- h, 
x 50 100; i x 25 300. 
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Otomyinae 

Otoffiys irroratus. Lighl microscopy m die ales that the sperm head is falciform with the 
connectins piece of the sperm tail attached on the lower concave suitace (Fig. 41). 

TEM shows that a typical bilaterally flattened, electron-dense, nucleus extends into the 
apical hook which is triangular in cross section. Within the hook the acrosome splits into a dorsal 
and dorsolateral crest over the convex region and a much smaller, flat, head cap segment close to 
the ventral margin. Most of the material in the apical hook is composed of the perforatorium that 
has three prongs, one that is close to the medial convex margin and the other two. much larger 
ones, which occur ventrol ate rally. 



Fm. 4. — Sperm from dendmmtmne and olomyine species, tight microscopy, a: Prionomys batesr. It: Dendromiis 
m\stacalis\ e: Dendromm mesomelas: di Steatomys parvus: e: Deomys ferrugtnetts: f: Qtamys irroratus , 
g, li: Malacothrix typica , TEM of sperm head, x 700; b* x I 600; c, x I 600; d. x 700; e* x J 100; I, 
x 600; g, x 9 100; h* x 11 000, a-d, phase contrast; e. f, Nomatski optics. 


Source. MNHN Paris 
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DISCUSSION 

Most eutherians have a spatulate sperm head nucleus that is capped by an acrosome of 
variable size, but in most murine rodents the sperm head is falciform with the tail attached to the 
lower concave surface [6-10, 20]; there is a very large and elaborate apical perforatorium which 
passes back over the anterior nuclear region as three prongs [25, 33]. The sperm head of the 
golden hamster (a member of the Cricetinae) is also falciform, but its ultrastructure is very 
different with the acrosome occurring as a large cap over the dorsal and upper lateral nuclear 
surface, a bilaterally flattened apical hook, and the sperm tail attached to the head midbasally [19. 
29, 41]. The ultrastructure of the sperm head of Mystromys alba in general resembles that of the 
golden hamster except that the sperm head is a little narrower and there is a much larger apical 
acrosomal segment. 

In Sdccostomus campestris the ultrastructural characteristics of the acrosome, 
perforatorium, and site of attachment of the connecting piece of the sperm tail are somewhat 
similar to those of the golden hamster and Mystromys alba although the perforatorium and 
acrosome are less extensive apically. This similar internal structural organisation in these three 
species, two of which come from subfamilies outside the dendromurine-cricetomyine-otomyine- 
murine clade, suggests very strongly that it represents the ancestral type for this group, 

Amongst the dendromurines Deomys has sometimes been separated from the others and 
even placed within its own subfamily [17]. The present data on sperm morphology support the 
view that Deomys is highly divergent, whereas the ultrastructural characteristics of sperm head 
and site of tail attachment of Malacothrix typica are similar to those of Sdccostomus campestris. 
The light microscopical observations suggest that 5. parvus and P. batesi sperm are also similar. 
The ultrastructure of M. Typica sperm does not resemble that of most of the murines [8, 9, 251 
which probably have a derived sperm type (see below). Thus there is no support for close affinity 
of these groups from these data. 

The position of the gcrbils (subfamily Gerbillinae) has changed over the years. SlMPSON 
[37] placed this subfamily within the Cricctidae, but subsequent biochemical data suggested that 
the Gerbillinae could be the sister-group of the Murinae [13]. The present study indicates that the 
spermatozoon structure of both Tatera leucogaster and Gerbillurits paeba is highly derived and 
quite unlike that of any other genus outside the Gerbillinae; no phylogenetic inferences can thus be 
drawn. 

Over the last 10 years it has become apparent that Acomys, previously thought to be a 
typical murine, may not in fact be part of this large African murid group [36, 40], It has 
subsequently been suggested that Acomys , Uranomys and Lophuromys form a clade that is either 
an early offshoot of the Murinae or closer to the gerbils [13, 15. 16], The ultrastructure of the 
sperm acrosome and perforatorium of both Acomys and Uranomys is more similar to that of 
Saccostomus campestris and the golden hamster than to that of typical murines. However, unlike 
sperm of S. campestris , dendromurines, and cricetines, the sperm tail attaches to the lower 
concave surface of the sperm head similar to that of the falciform sperm of murine rodents [5]. 
This trail is thus shared between most members of the Murinae and Acomys-Uranomys to the 
exclusion of the other groups except the Otomyinae [2], These data support the view' that the 
Acomys-Uranomys (and perhaps Lophuromys , which has a highly derived sperm type [6]) clade 
may have branched off from the base of the murine-otomyine radiation [4, 16, 30], Furthermore, 
the present study extends the recent observations on the sperm of Otomys [2. 5] in confirming 
that the head is falciform and showing that the structure of the acrosome and perforatorium, as 
well as the site of attachment of the sperm tail, is identical to that of murines [1,3, 5-10, 25], 
These ultrastructural characteristics of the sperm head do not occur in species from any other 
subfamily nor do they occur in Acomys and Uranomys. They are thus likely to be a 
synapomorphic character shared by most members of the Otomyinae and Murinae to the exclusion 
of Acomys and Uranomys and other subfamilies. The findings thus support the previous 
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suggestion [5] that these two subfamilies are sister-groups and that, in spite of a recent claim to 
the contrary [35], the falciform sperm head is the ancestral condition within the Murinae, 

The following tentative phylogenetic conclusions can be drawn from this study: 

1. Saccostomus is not part of the Murinae. 

2. Within the Dendromurinae, Deomys is highly derived and may not be close to the 
other members of this group. 

3. The Dendromurinae is not particularly close to the Murinae. 

4. The Otomyinae is the sister-group of the Murinae. 

5. The Acomys-Uranomys lineage diverged from the base of the Murine-Otomyine 

clade. 

Clearly further insight into the phylogenetic relationships of African muroids could be 
achieved by carrying out electron microscopy on spermatozoa of more species when, or if, they 
become available; sperm from more genera of dendromurines and gerbillines need to be 
investigated. In this study there was no material available from any of the Malagasy rats and mice 
(subfamily Nesomyinae), maned rats (subfamily Lophiomyinae), or rock and climbing swamp 
mice (subfamily Petromyscinae). Spermatozoa! morphology of these species needs to be 
investigated before a full appreciation of its significance to the understanding of the evolution of 
the rats and mice of Africa can be ascertained. 
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